Introduction: After the onset of highly active antiretroviral therapy (HAART), some HIV-infected patients present a severe inflammation in response to a latent or a previously treated opportunistic pathogen termed immune reconstitution inflammatory syndrome (IRIS). Few reports of tegumentary and visceral leishmaniasis have been described in association with IRIS. Methods: A systematic literature review of IRIS in association with leishmaniasis identified 34 reported cases. Results and Discussion: The majority of these occurred in males 4 months following the onset of HAART. The mean CD4 count before HAART was 94 + 77 cells/mm 3 , increasing to 5 times the initial value between the onset of HAART and IRIS presentation. Visceral leishmaniasis and post-kala-azar dermal leishmaniasis were the most commonly reported clinical manifestations, followed by tegumentary leishmaniasis and uveitis. Conclusions: Commonly found characteristics included cutaneous involvement, regardless of Leishmania species; appearance of lesions unrelated to time of probable Leishmania infection; rapid recovery of CD4 count following HAART; and rapid progression.
Introduction
Highly active antiretroviral therapy (HAART) has dramatically changed the natural course of HIV infection by decreasing the occurrence of opportunistic infections and, consequently, the mortality associated with AIDS. However, after the onset of HAART, some patients experience clinical deterioration following an increase in CD4 count and a decrease in HIV viral load. This worsening is usually due to the clinical manifestation of a latent or a previously treated opportunistic pathogen that paradoxically presents as a severe clinical manifestation. The immune response against these types of pathogens results in severe inflammation as a consequence of the restored immune response termed as immune reconstitution inflammatory syndrome (IRIS). [1] [2] [3] The majority of IRIS cases are associated with nonparasitic infections, including (a) bacteria (Mycobacterium tuberculosis, the Mycobacterium avium complex, and other nontuberculous mycobacteria); (b) viruses (cytomegalovirus, varicella zoster virus, herpes simplex virus, human herpes virus 8, JC virus, and hepatitides B and C); (c) fungi (Pneumocystis jirovecii, Cryptococcus neoformans, and Histoplasma spp). 4, 5 However, other parasitic infections associated with IRIS, such as Strongyloides stercoralis and Schistosoma mansoni, have also been previously described. 5, 6 The risk of IRIS is mainly associated with severe immunosuppression at the start of HAART. 5 To date, very few reports of tegumentary and visceral leishmaniasis (PL), as well as post-kala-azar dermal leishmaniasis (PKDL), have been described in association with IRIS in HIV-infected patients from several countries. [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] Furthermore, many cases may remain underreported due to the difficulty in diagnosing leishmaniasis in association with IRIS because of the absence of universal criteria. The present study conducts a review of the international literature pertaining to cases of leishmaniasis in association with IRIS.
Methods
The literature considering the cases of leishmaniasis as a manifestation of IRIS in HIV-infected individuals was analyzed. The search was performed in MEDLINE and BIREME, the Brazilian regional library of medicine, using the following key words: immune reconstitution inflammatory syndrome, cutaneous leishmaniasis, mucocutaneous leishmaniasis (MCL), PKDL, VL, and ocular leishmaniasis. No restrictions were placed with regard to the time of publication or language of publication. Articles were selected if all of the following criteria were met: the patient serology for HIV was positive, there was evidence of a decrease in viral load and an increase in the CD4 count following the onset of HAART, leishmaniasis presented with an inflammatory or atypical manifestation, and Leishmania parasites were detected in lesions. All other literature reviews were excluded.
Literature Review
To date, 34 cases of leishmaniasis as a manifestation of IRIS have been described worldwide (Table 1) . Males (77%) predominated among the cases described. The mean age of patients was 39 (ranging from 28 to 60 years). The most frequent clinical presentation was VL (19 cases), [7] [8] [9] 12, 20, 26 followed by PKDL (10 cases). 7, 13, 15, 17, 19, [22] [23] [24] [25] [26] In 2 cases, VL and PKDL were diagnosed simultaneously. 7, 26 Tegumentary leishmaniasis was reported in 5 cases 10, 11, 14, 16 , and MCL was reported in 2 of the 5 cases, 14 while diffuse cutaneous leishmaniasis (DCL) was reported in 2 others. 10, 16 Uveitis as a consequence of leishmaniasis was reported in 3 cases, 13,18,21 wherein 1 was found to be associated with PKDL. 13 The mean time between the onset of HAART and the occurrence of IRIS manifestations was 4 months (range: 6 days-111 months). Mean CD4 counts were 94 + 77 cells/mm 3 , ranging from 4 to 256 cells/mm 3 (Table 2) . Sixteen patients had an increase in CD4 count following HAART, with an average gain of 235 + 198 cells/mm 3 (57-40 cells/mm 3 ), corresponding to a 5-fold rise. The elapsed time between onset of HAART and manifestation of IRIS was not related to the degree of CD4 boost and viral load before therapy.
In the 2 cases reported by Berry et al, 20 the diagnosis of VL in association with IRIS was inconclusive, as manifestations appeared shortly after the onset of HAART (6-10 days). In addition, both patients had leukopenia and thrombocytopenia prior to the onset of HAART, which may be due to the natural course of VL instead of IRIS. The largest series of cases of VL in association with IRIS was reported in Ethiopia; however, scarce clinical data were presented regarding these patients. In these cases, IRIS was diagnosed 3 months after the onset of HAART, based solely on positive serology for Leishmania, or due to the presence of Leishmania spp in splenic aspirate. All these patients previously had negative serology for Leishmania. 8 It is known 27 that 50% of HIV/ Leishmania co-infected individuals have negative serology for Leishmania, especially those with CD4 counts of less than 100 cells/mm 3 . Therefore, perhaps VL as a manifestation of IRIS was an uncertain diagnosis in this series of cases reported in Ethiopia. Moreover, in a prospective study conducted by de la Rosa et al, 28 VL in association with IRIS was not observed in 11 patients with the subclinical form of the disease, who were treated with HAART during 29 months of follow-up. Four patients with active VL who started HAART during the clinical manifestation of VL presented a regression of symptoms.
A total of 10 cases of PKDL were reported in association with IRIS. 7, 13, 15, 17, 19, [22] [23] [24] [25] [26] Post-kala-azar dermal leishmaniasis was diagnosed between 1 and 111 months after the onset of HAART. In only 1 patient, the previous diagnosis of VL was unconfirmed. Following the onset of antiretroviral treatment (ART), CD4 counts increased in all 10 cases. Furthermore, skin lesions appeared only after HAART was initiated, characterizing a new event related to a preexisting Leishmania infection. Taken together, these findings suggest a stronger association between PKDL and IRIS compared to VL in association with IRIS.
Regarding the 5 reported cases of cutaneous leishmaniasis associated with IRIS, Leishmania infection was commonly disseminated. In 1 case in Brazil, the dissemination of lesions occurred during CD4 count recovery, 16 whereas in the case described by Kerob et al, 11 several nodules containing Leishmania appeared following combined ART and amphotericin B treatment.
Sinha et al 10 reported a case of DCL in association with IRIS in 1 HIV-positive individual on ART. In contrast to classical DCL, which is an anergic form of leishmaniasis characterized by disseminated non ulcerating skin lesions, this patient had fever, weight loss, diarrhea and splenomegaly. In addition, Leishmania chagasi was isolated from this patient's lesions, which had not been previously reported in cases with DCL.
In this case, PKDL should have been considered as a possible diagnosis due to the patient's clinical presentation.
Two cases of cutaneous leishmaniasis with mucosal involvement have been previously described. 14 In both patients, mucosal damage occurred shortly after immune recovery following HAART in contrast to the classical course observed in uninfected individuals wherein mucosal damage occurs later. Moreover, the species isolated in these 2 cases was Leishmania braziliensis, which is commonly associated with the mucosal form of leishmaniasis. Treatment with pentavalent antimony and amphotericin B resulted in the resolution of lesions in the 2 cases, although the authors did not specify the use of corticosteroids. Uveitis as a manifestation of IRIS, resulting from Leishmania infection, was reported in 3 HIV-infected patients undergoing HAART. One patient had uveitis concomitantly with PKDL and was treated successfully with miltefosine. 13 In 2 patients, uveitis resulted in blindness in the affected eye, despite treatment with high doses of corticosteroids. 18, 21 In these cases, as well as in the patient reported herein, the isolated species was L braziliensis, which is commonly associated with the mucosal form of leishmaniasis.
Discussion
The present study reviewed cases of severe leishmaniasis in HIV-infected individuals as a manifestation of IRIS. Common characteristics found in these patients were cutaneous involvement regardless of the Leishmania species isolated, onset of disease regardless of when the patients were infected with Leishmania, as well as a rapid progression to severe forms of the disease in association with a rapid CD4 count recovery following ART. The median CD4 count before the onset of HAART was over 50 cells/mm 3 in almost all cases, in comparison with lower CD4 counts found in patients with other infectious diseases in association with IRIS. 5, 29 In the majority of the reviewed cases, the length of time between the onset of HAART and occurrence of IRIS was 6 months, similar to what was observed in other infectious diseases associated with IRIS. The only exception was a patient who developed PKDL and uveitis as a manifestation of IRIS 9 years after the onset of HAART. However, this patient was unsuccessfully treated 13 during this period, and IRIS occurred following rescue therapy, when the CD4 count rose from 71 to 321 cells/ mm 3 . This finding suggests that leishmaniasis as a manifestation of IRIS occurs largely as a result of immune response recovery, despite the length of the recovery period or the initial CD4 count. Gelanew et al 7 reported on 3 HIV-infected patients with PKDL, in which a definitive IRIS diagnosis was impossible due to the absence of standardized clinical and laboratory criteria. 7 However, PKDL in association with IRIS could be considered in one of these cases, since the onset of symptoms was concomitant with an increase in CD4 (from 40 to 93 cell/mm 3 ) following HAART. A diagnosis of IRIS would be conceivable in several notable cases detailed in the literature, involving an aggressive co-infection with HIV/ Leishmania. 30, 31 Yet, in most of these reports, the length of time between the initiation of HAART and the occurrence of leishmaniasis is incomplete or absent, and relevant information regarding CD4 counts and viral load, before and after HAART, is missing.
Two cases of patients infected with HIV and MCL as a manifestation of IRIS have been described. 14 Common finding are dissemination of lesions, frequently found on the arms, lower limbs, and feet. In addition, lesions are also observed in the nasal, oropharyngeal, and genital mucosa in these patients. Moreover, in the 2 patients reported by Posada-Vergara et al, 14 the onset of leishmaniasis, in one case, and the worsening of leishmaniasis, in the other, occurred 1 month after the onset of HAART. It has been well established that mucosal damage in individuals with leishmaniasis who are not HIV positive is usually associated with an exacerbation of the cellular immune response and elevated production of proinflammatory cytokines. In this form of leishmaniasis, the Montenegro skin test is positive, indicating a positive delayed-type hypersensitivity response to Leishmania antigens. 32, 33 In several reports, patients experienced rapid healing of lesions in response to combined amphotericin B and corticosteroid treatments. 9, 12 From an immunological point of view, a parallel could be established between IRIS and type 2 leprosy reactions. Leprosy is the prototype of granulomatous disease in which the immune response can result in a paradoxical exacerbation of a patient's lesions, which are typically characterized as erythema nodosum leprosum. 34 Treatment with antiinflammatory immunomodulatory drugs, such as thalidomide, is required to control the exacerbation of leprosy. 35, 36 Further studies should be conducted to evaluate the effectiveness of combined ART and corticosteroid therapy during the first 6 months of treatment in HIV-infected individuals with severe immunosuppression, who are at potential risk for lifethreatening immune restoration disease.
ART results in a decreased incidence of opportunistic infections and longer patient survival. 1 Viral loads markedly decrease in tandem with an increase in CD4 counts, resulting in the restoration of immune function in more than 70% of the affected individuals. 1, 6 Restoration of CD4 counts seems to take place in 2 phases: the first phase occurs 2 weeks after treatment and lasts for 3 months. There is a relatively rapid redistribution of sequestered memory T lymphocytes (CD4þCD45ROþ) from the lymphoid tissues into the bloodstream following a decrease in viral load. 37, 38 The second phase starts 6 months after viremia control and is characterized by less profuse and more gradual expansion of naive T cells (CD45RAþCD62Lþ), persisting for 1 to 2 years. 38 The swift restoration of the T-cell repertoire may contribute to the development of IRIS, especially in individuals with high amounts of antigens caused by either the presence of killed microorganisms during previous infections or prior subclinical opportunistic infections. 6 The immunological mechanisms involved in IRIS development remain unclarified. Elevated production of proinflammatory cytokines is frequently found during the course of IRIS, most notably high levels of interleukin 6, interferon gamma, and tumor necrosis factor-a. [39] [40] [41] The recovery of pathogen-specific T cells may play a role in the intensity of the inflammatory response, as evidenced by several reports which found an increase in T cells specific to M tuberculosis, M avium, and Cryptococcus neoformans in patients who developed IRIS in association with these diseases. 42, 43 However, the importance of specific T cells warrants further investigation, as other studies found no association between the recovery of M tuberculosis-specific T cells and tuberculosis in association with IRIS. 44, 45 To date, the literature contains no reports linking the recovery of Leishmania-specific T cells with IRIS-associated leishmaniasis. It is also possible that other mechanisms could contribute to the intensity of inflammatory responses during IRIS, such as the excessive activation of innate immune cells 3 or the impairment of a regulatory T-cell response. 44, 46 In conclusion, leishmaniasis as a manifestation of IRIS may present as a new disease or as the progression of latent disease following the introduction of HAART and consequent restoration of immunity. Further studies should be conducted to clarify the immunological aspects involved in IRIS development as well as to establish relevant criteria to aid in the definitive and prompt diagnosis of IRIS.
